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Abstract 
The results of development of a laser interferometer designed to measure the mass velocity of condensed substances in shock 
wave experiments in the field of high energy density physics are presented. The developed laser system allows measurements of 
the velocity of free surfaces of samples in shockwave experiments with accuracy no worse than 10 m/s for the entire range of 
velocities attained experimentally. The time resolution of measurements is limited by the response speed of the used PMTs and 
amounts to 2.5 ns. 
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1. Introduction 
Studying extreme states of matter exposed to intense pulsed loads is rather complicated due to a number of setup 
features of the experiment.  
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The uniqueness of experiments and inability to repeat them under identical conditions place heavy demands on 
output data. An essential scientific problem in the physics of extreme states of matter, which is of great practical 
importance, is the study of physical and mechanical properties of materials exposed to intense dynamic loads, 
produced by powerful explosion shock waves, hypervelocity impact or laser pulse. Most informative contactless 
method in such experiments is Doppler interferometry, that allows continuous surface velocity measurement. Today 
quadrature-differential VISAR systems are the most widespread laser systems for velocity measurement [by Barker 
et al. (1972)]. They have earned a reputation as reliable, convenient and relatively inexpensive devices providing 
sufficient /accuracy and time resolution for most measurements.  
2. Multipoint VISAR system 
The most advanced systems use quadrature-differential systems, which allow compensation of additive and 
multiplicative noise and provide an opportunity to change measuring range and use optical fibers for radiation 
transport [Kuznetsov et al. (2013)]. 
However, such measuring systems have a number of limitations due to the properties of the optical layout. In 
particular, the standard interferometers of Michelson scheme are designed for simultaneous measurement of the 
velocity of only one point on an object (or more precisely, they measure average speed of ~105 cm2 area). Often, 
experiments are required to have data on temporal dynamics of the velocity at several points of the surface. 
Examples of such experiments are one-dimensional experiments of samples loading, where one needs to be 
confident of the planarity of the shock front, and investigation of stepped samples by optical pyrometry.  
To solve this problem the developed optical scheme of interferometers allows each of them to carry out an 
independent analysis using 7 optical channels (Fig. 1). This is achieved by forming the cluster of seven beams at the 
input of the interferometer, each of which comprises the light reflected from one point of the investigated surface. 
The cluster passes through the interferometer and penetrates a group of optical fibers, serving to deliver radiation to 
a multi-channel photodetection system. Thus, it is possible to simultaneously record the speed reading results at 
multiple points of the object surface (or a number of different objects). 
 
Fig. 1. (a) Optical scheme of Multipoint VISAR, (b) Appearance of interferometer 
3. Vernier interferometric system 
Harmonic interference signals dependent on the velocity require the entire previous velocity changes information 
to find its current value. The velocity is proportional to the current value of the phase. In case of contrast loss, phase 
information will be lost, causing ambiguity in the velocity values measurement. Contrast loss is usually caused by 
insufficient time resolution of the registration system and can be observed at short shock front (<10 ns). In this case, 
several interference periods may be missed, resulting in incorrect velocity values and despite the fact that the 
temporal dynamics of the velocity changes behind the shock front is possible to track, it will be offset by a multiple 
interferometer constants VPF (velocity per fringe) - a scale factor of the interferometer, i.e. changing the velocity on 
one interference fringe [Kanel’ et al. (1996)].  
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where l is the etalon length, n – the refractive index of the etalon material, O0 – initial wavelength of laser 
radiation, c – the speed of light, δ -  the correction factor that takes into account the chromatic dispersion in the 
material of the etalon. 
Normally, the problem of required number of missed periods selection is solved by using a priori information on 
maximum velocity of the object. Such information can be obtained by additional experimental, contact, in particular, 
methods. In the absence of such information, the data obtained in the experiments lose their validity and may be 
deemed erroneous. 
Contrast loss can shorten the length of the etalon. It allows to solve the problem if velocity on the shock front 
changes at a value lesser than interferometer constant VPF. This solution, however, in actual experiments, is not 
applicable due to the direct connection between the interferometer constant and velocity resolution. 
The optimal solution is to use a measuring complex of two interferometers with different VPF constants. They can 
be used in two ways. If VPF of the first interferometer is so high that the "missing" is not observed, and the second 
VPF is chosen in order to achieve optimal velocity resolution on the temporary region, all time dynamics of velocity 
with an acceptable resolution can uniquely reconstruct. This solution, however, has a significant drawback. Due to the 
low sensitivity of the first interferometer, its data cannot be used for anything other than velocity jump measurement at 
the shock front, which drastically reduces the overall efficiency of the vernier interferometric system. In addition, it is 
not always possible to know what length l will be sufficient to eliminate misses, especially in investigation of samples 
with unknown physical parameters. 
Figure 2 represents commutation scheme of vernier interferometric system in case of one-point (a) and six-points (b) 
velocity measuring. Structurally, diagnostic system is a combination of optical units of light frequency analysis and 
electronic components of photoelectric conversion interconnected by fiber optic cables. 
The laser light is delivered to the Target through an optical fiber. The reflected light is collected and sent by other 
fibers to the Interferometers 1 and 2 which have different VPF. In case of one-point system 3 optical channel are used 
and for six-point scheme 6 channels are used (one channel for each point). After processing the signals in the 
interferometer the light is delivered to the multichannel photodetection system through fibers (24 for the one-point and 
48 fibers for six-point). The basic operations of the system can be performed remotely from a PC using specialized 
software and a remote control unit. Built-in Ethernet interface allows the interferometers adjusting, elements status 
remote monitoring and digital signals recording. 
Another way to use such system is based on the fact that the ambiguity of velocity behind the shock front is discrete. 
The actual velocity differs from that calculated directly from interferometer data on integer interferometer constants K. 
This fact makes it possible to create a vernier system with two close but not multiple interferometer coefficients. Each 
of the interferometers will be exposed to the fringe "missing" but collaborative processing of interferometers data can 
help to find the value of the jump and restore the entire velocity profile (except for the time interval of the shock front, 
where time resolution of the detector does not allow tracking changes in the intensity). The procedure of shock front 
restoration in this case is a selection of the number of missed periods for each of the interferometers to match the 
graphics behind the shock front, obtained for different interferometers (Fig. 3). This method of selecting the 
coefficients of the interferometer can improve the accuracy and dynamic range of the measuring system, the total 
reliability of the data will increase significantly as compared to currently used systems because of "misses" 
compensation and because of the duplication of the experimental data for further processing. 
An example of the KDNI experimental data is shown in Fig. 4. This graph is the result of the impact of plate steel 
strikers accelerated in the light-gas gun to a speed of 400 m /s on the granite. The reason of significant difference of the 
elastic precursor for different channels and the lack of further oscillation is granular structure of granite and 
heterogeneity of its composition. Granite contains a large number of stress concentrators – pores, cracks, grain 
boundaries. Micropores existing in the initial state are partially closed under elastic compression, which leads to plastic 
deformation and fracture elimination. When the threshold of plastic deformation is exceeded the object is completely 
destroyed.  
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Fig. 2. General scheme of experiment. Left - one point velocity measurement, Right- six points velocity measurement. 
 
Fig. 3. Illustration of the velocity restoration algorithm at vernier system 
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Fig. 4. Typical experimental results of velocity measurement 
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